SUMMARY A wide range of clinical findings was present in 58 near-miss sudden infant death syndrome (SIDS) infants and 6 surviving twins of SIDS siblings. Specific investigations included: studies of gastro-oesophageal reflux and aspiration (24-hour oesophageal pH recordings, barium swallow, radionuclide 'milk-scan'); polygraphic studies of breathing, reflux, and sleep state; studies of upper airways disease (lateral airways radiography and endoscopy); detection of seizure activity by electroencephalography; evaluation of thiamine status by erythrocyte transketolase activity of venous blood. Thiamine deficiency was found in 12 of 43 tested infants; 5 of the deficient infants had a familial history of SIDS. Many potential mechanisms for asphyxia were found: idiopathic central apnoea (7 infants), tracheal obstruction from minimal tracheomalacia or aberrant innominate artery (4 infants), temporal lobe or generalised seizures (6 infants), gastro-oesophageal reflux (55 infants) with intrapulmonary aspiration (11 infants). The high incidence, severity, and timing of reflux were new findings. Reflux occurred in active and indeterminate sleep, but not in quiet sleep. The depression of respiratory reflexes by active sleep stresses the vulnerability to asphyxia. Two factors suggest that near-miss episodes are related to SIDS: the similar age distribution but earlier occurrence of near-miss episodes compared with age at death of SIDS infants, and the subsequent sudden death of 2 infants whose necropsies were consistent with SIDS.
The sudden infant death syndrome (SIDS) is still the most common cause of infant mortality after 1 month of age in western countries.
Infants considered at higher risk of SIDS than the general population are referred to as 'near-miss' SIDS infants. Such infants present with an apparent asphyxial episode during sleep and usually require some form of stimulation or resuscitation before normal breathing resumes. Some of these infants subsequently die suddenly and necropsy findings are consistent with SIDS. [1] [2] [3] [4] An infant at high risk of SIDS is the surviving twin or triplet of a SIDS sibling.5
Infants at high risk of SIDS are becoming more widely recognised and constitute an increasing diagnostic and therapeutic dilemma. Initially, abnormalities in breathing-such as prolonged apnoea-were recognised in some.1 2 More recently there have been reports of excessive periodic breathing6 7 and specific defects both in CO2 chemoreceptor and hypoxic chemoreceptor reflexes.2 8 Apart from these specific abnormalities in breathing, this paper describes a broad clinical overview of the findings in 64 high risk SIDS infants who were screened for a variety of possible causes, in addition to respiratory ones.
Methods
During the 2-year period April 1979-81, 64 infants were studied. They comprised 58 suspected near-miss infants and 6 surviving twins or triplets of a SIDS sibling. A near-miss infant was defined as one who was found during presumed sleep to be apnoeic, cyanotic or pale, often limp, and required either resuscitation or vigorous stimulation for revival. Such infants were admitted to or referred within the Royal Alexandra Hospital for Children, Sydney, to a newly formed clinic which (1) screened infants thought to have had a near-miss episode; (2) assessed siblings of SIDS infants, especially if the infant was a surviving twin or triplet; and (3) provided an immediate pathological report to SIDS parents and provided information and counselling for such parents.
After admission, a detailed clinical assessment was made from (1) General clinical history and examination. A feature of these infants' history was the high proportion of infants with at least one complication during the pregnancy, labour, or neonatal period (Table) .
No one complication was especially common. The mean birthweight was 2-9 (range 0-8-3-8) kg; 12 near-miss infants and 3 twins were of low birthweight (<2*5 kg). The mean gestational age was 38 (range 27-40) weeks; 14 near-miss infants and 3 twins were preterm (<37 weeks' gestation). Five infants were small-for-dates (<10 centile), 2 of whom were twins.
The clinical examination of these infants after the near-miss incident was generally normal. There was often a time-delay (mean 24 (left panel). This depicts the large number of infants with significant reflux. Nearly half were classified as severe with a score exceeding 100. In the first 20 infants, the relationship between reflux and sleep-state was evaluated. This demonstrated a high incidence of reflux in sleep (13 out of 20 infants). Reflux was linked to sleep-state: it occurred in active and indeterminate sleep, but never in quiet sleep. 13 Barium swallow. Of the 59 infants studied, 48 had evidence of reflux. More than half of these showed gross reflux with barium refluxing to the level of the upper pharynx and nose (Fig. 2, middle panel) .
The 45 infants in whom both pH and barium studies were performed indicated that severe reflux on pH studies was more frequently associated with gross reflux on barium study (15 out of 22 infants).
There was no clear correlation between lesser degrees of reflux.
Milk scan. This investigation was introduced in the second year of the study. There were 21 out of 27 abnormal results and most (14 infants) of these were classified as gross (Fig. 2, right (Fig. 3) . In one, temporal-lobe epilepsy was confirmed by a 12 lead EEG; in the other infant, the formal EEG was normal but several months later the infant had 2 episodes of tonic-clonic seizures associated with loss of consciousness.
The relationship between breathing, reflux, and sleep-state was also evaluated from these studies. This has been reported previously. The Bronchoscopy. This was performed in 15 infants. The usual indications were either clinical or polygraphic evidence suggesting an obstructed upper airway. Abnormalities were found in 5 infants. In 2 infants, innominate artery compression of the trachea accounted for 50% and 70 % occlusion of the lower trachea.
Tracheomalacia was demonstrable in 2 infants. They presented with the sudden onset of severe cyanotic episodes 6 weeks after the successful and uncomplicated primary repair of a tracheooesophageal fistula.
A further infant displayed a small left vocal nodule; the significance of this remains unclear.
Detection of seizure activity by the electroencephalogram
In 59 infants in whom this test was conducted, 4 showed abnormal features: 2 had temporal lobe foci of seizure activity, and 2 had generalised epileptogenic activity.
Before the EEG diagnosis, clinical evidence of fits had not been recognised. Careful observation later confirmed minor 'absences' with turning of the head to the right, excessive salivation, and associated apnoea in 2 of the 4 infants. Two further infants later displayed repeated tonic-clonic convulsions; their previously normal EEGs were unchanged.
All 6 of these infants also had moderate to severe gastro-oesophageal reflux as assessed by pH recording and barium swallow. Neither fits nor reflux therefore represents a mutually exclusive diagnosis in near-miss infants. However, the polygraphic recordings in 1 infant (Fig. 3) We found that an unselected group of infants, who were classified as 'near-miss'-that is, found blue and not breathing but who rapidly revived-had a variety of problems. These included sleep apnoea, gastro-oesophageal reflux, seizures, innominate artery compression of the trachea, tracheomalacia, and thiamine deficiency. Only 13 out of 64 infants had breathing abnormalities.
The respiratory abnormalities that were found were sleep related: they included prolonged central apnoea and excessive periodic breathing. One infant breathed very slowly with disturbed breathing patterns, and apnoea associated with seizures. Some of these infants required resuscitation during polygraphic recording. In 2 infants, apnoea was very likely precipitated by drugs (diazepam and phenobarbitone). It is possible that many more of them had apnoea intermittently-as for example during an upper respiratory tract infection; the delay in our sampling may have missed such apnoeas.
Claims that prolonged apnoea occurred while infants were at home on respiratory monitors have been based on parental diaries of monitor alarms.' 3 The difficulties of assessing apnoea in this way without tape-recordings have been stressed.'4 This additional methodology is necessary in order to separate breathing defects from technical artefacts. At the present time, intensive technological efforts are being made to exclude artefacts and provide data on the true incidence of apnoea at home.
The extensive experience of the Boston Children's Hospital showed a high incidence of periodic breathing in near-miss infants.7 We did encounter periodic breathing in infants, but it was not a prominent feature of the whole group. Differences of this type may be due to the selection of infants referred to units in different parts of the world-the presence of some identified abnormality removing the classification of 'near-miss SIDS'.
Perhaps the most important and surprising finding was the high incidence of gastro-oesophageal reflux (Fig. 2) . Several authors have drawn attention to the occurrence of near-miss episodes in infants with proved gastro-oesophageal reflux.15 16 (Fig. 3) , may be particularly dangerous. Thirdly, 2 of our near-miss infants each had one sibling die from SIDS, and another sibling exhibit fits; one of these siblings with seizures also subsequently died, probably during a seizure, since no other cause was found at necropsy.
Unfortunately in infants with suspected, but unproved, seizures, treatment with anti-convulsants cannot be used without risk, since there is a danger of unmasking respiratory problems if the diagnosis is incorrect.
In a number of our children, congenital abnormalities disturbing the upper airways were detected often only after extreme diagnostic difficulty-for example in 1 infant bronchoscopy on one occasion did not show tracheomalacia, and it was only on the second bronchoscopy that an abnormality was detected. Possibly dynamic compression of airways is manifest only when ventilation is fortuitously stimulated. This shows the need for improved diagnostic methodologies in this area, possibly using C02-rebreathing stimuli. Our experience with 2 infants in this study suggests that bronchoscopy is indicated in infants who develop signs of upper airways obstruction when crying forcibly.
The possible relevance of thiamine deficiency to SIDS has been reviewed by one of us.29 Infantile thiamine deficiency can produce deaths which are sudden and unexpected, and typically occur between ages 2 and 4 months.Y0 The significant number of deficient infants in our high-risk SIDS group and the high familial SIDS incidence, suggests that such infants are potentially at risk of sudden death. This deserves clinical attention and appropriate treatment, regardless of the more complex and unresolved problem of evaluating SIDS in general. Our experience suggests that the infants being referred to our near-miss SIDS clinic are relevant to the SIDS problem. Firstly, it has been found that the age incidence of SIDS deaths and near-miss incidents is similar in distribution but for a shift to the left in peak incidence in the near-miss infants (Fig. 1) . The typical age distribution of SIDS deaths between 2 and 4 months, with few deaths after 6 months, is unusual, and is an important research clue. The 
